Background: Optimal first-step antihypertensive drug therapy in type 2 diabetes mellitus (DM) or impaired fasting glucose levels (IFG) is uncertain. We wished to determine whether treatment with a calcium channel blocker or an angiotensin-converting enzyme inhibitor decreases clinical complications compared with treatment with a thiazide-type diuretic in DM, IFG, and normoglycemia (NG).
T HE COMBINATION OF HYPERtension and type 2 diabetes mellitus (DM) is common and results in a potent milieu for risk of cardiovascular disease (CVD) and end-stage renal disease. [1] [2] [3] [4] Less striking elevations of blood pressure (BP) and impairments of glucose homeostasis such as high normal BP and impaired fasting glucose level (IFG) also increase risk. 3, 5, 6 Lowering BP may provide the most effective means to reduce the risk of CVD in patients with DM. 7, 8 Agents that interfere with the renin-angiotensin system, especially angiotensin-converting enzyme inhibitors (ACEIs), have been recommended as first-step antihypertensive treatment in patients with DM and proteinuria. 9, 10 There is less certainty, how-ever, regarding the optimal choice of firststep antihypertensives in patients with DM and hypertension who have little or no renal damage. 10, 11 The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) was designed to determine whether first-step antihypertensive drug therapy with an ACEI, a calcium channel blocker (CCB), or an ␣-adrenergic blocker would provide better protection against CVD compared with diuretic therapy. 12 A comparison of treatment efficacy in participants with or without DM was prespecified in the ALLHAT protocol. 12 Our group has previously described its experience with first-step antihypertensive therapy using a diuretic compared with an ␣-adrenergic blocker in ALLHAT participants with and without glucose disorders. 13 We herein report on the efficacy of first-step antihypertensive therapy with a diuretic compared with a CCB or an ACEI in the following 3 baseline glycemic strata: DM, IFG, and normoglycemia (NG).
METHODS
The ALLHAT participants were men and women 55 years or older who had stage 1 or stage 2 hypertension and at least 1 additional risk factor for coronary heart disease (CHD). 12 Of the 42 418 ALLHAT participants, 33 357 were randomly assigned to therapy with chlorthalidone (n=15 255), amlodipine besylate (n=9048), or lisinopril (n=9054). 14 Baseline fasting glucose level was not available for 1845 of the 33 357 participants, so the present analysis was confined to the remaining 31 512 who could be classified as having DM (n=13 101), IFG (n=1399), or NG (n=17 012) (Figure 1 ). The definition of DM incorporated criteria used in previous ALLHAT publications [13] [14] [15] (history of treatment with insulin or oral hypoglycemic agents during the 2 years preceding randomization, a fasting baseline glucose level Ͼ140 mg/dL [Ͼ7.8 mmol/L], or a nonfasting baseline glucose level Ͼ200 mg/dL [Ͼ11.1 mmol/L]) (n=12 063) and a more contemporary criterion (presence of a baseline fasting glucose level Ն126 mg/dL [Ն7.0 mmol/L]), 16 which resulted in 1038 additional DM participants. We defined IFG (n=1399) as a baseline fasting serum glucose level between 110 and 125 mg/dL (6.1-6.9 mmol/L) and no history of DM. 16 Participants with a baseline fasting or nonfasting glucose level less than 110 mg/dL (Ͻ6.1 mmol/L) and no history of DM were classified as having NG. The NG group included 13 456 participants with a baseline fasting glucose level less than 110 mg/dL (Ͻ6.1 mmol/L) and 3556 with a baseline nonfasting glucose level of less than 110 mg/dL (Ͻ6.1 mmol/L).
Lowering of BP was achieved by titrating the dose of the assigned study drug (step 1) and adding study-supplied openlabel atenolol, clonidine hydrochloride, or reserpine (step 2); adding hydralazine hydrochloride (step 3); or adding other drugs when necessary. Nonpharmacological treatment of hypertension was recommended according to national guidelines. 10, 17 Step 1 drugs were encapsulated and identical in appearance, so that each was double-masked at every dosage level. Dosages were 12.5, 12.5 (sham titration), and 25.0 mg/d for chlorthalidone; 2.5, 5.0, and 10.0 mg/d for amlodipine besylate; 10, 20, and 40 mg/d for lisinopril; 25 to 100 mg/d for atenolol; 0.05 to 0.20 mg/d for reserpine; 0.1 to 0.3 mg twice daily for clonidine hydrochloride; and 25 to 100 mg twice daily for hydralazine hydrochloride.
Follow-up visits were conducted at 1, 3, 6, 9, and 12 months and every 4 months thereafter. The primary outcome was a composite of fatal CHD or nonfatal myocardial infarction (MI). 12 Four of the major prespecified secondary outcomes were all-cause mortality, fatal and nonfatal stroke, combined CHD (primary outcome, coronary revascularization, or hospitalized angina), and combined CVD (combined CHD, stroke, other treated angina, heart failure [fatal, hospitalized, or treated nonhospitalized], or peripheral arterial disease). End-stage renal disease (dialysis, renal transplantation, or death due to kidney disease) and individual components of the major outcomes, including heart failure, were also prespecified. We used standardized procedures for reporting and validating study outcomes. 12, 14, 18 We compared baseline characteristics across the 3 treatment groups within each category of glycemic status (DM, IFG, and NG) using the z test for significance testing of continuous covariates and contingency table analyses for categorical data. We analyzed outcomes using an intention-totreat approach. Cumulative event rates were calculated using the Kaplan-Meier procedure. The Cox proportional hazards model was used to determine time-to-event hazard ratios (hereafter referred to as relative risks [RRs]) and 95% confidence intervals (CIs). Cox test assumptions were examined using log-log plots and tests of treatmentϫtime (time-dependent) interaction terms. When the assumptions were violated, a 2ϫ2 table was used to estimate the RR. 19 We examined heterogeneity of treatment effects across the 3 glycemic strata by 
RESULTS
Baseline characteristics were well balanced across the 3 treatment groups (chlorthalidone, amlodipine, and lisinopril) within each glycemic stratum (data not shown). The small number of instances in which differences were noted was consistent with what could be expected on the basis of multiple comparisons and, where present, the differences were modest. The participants' average age was 67 years ( Table 1) , with 58% being 65 years or older. Both men and women and both black and nonblack participants were well represented. Participants with DM had a lower prevalence of other CVD risk factors compared with those with IFG or NG, reflecting the fact that they could be enrolled in the absence of other CVD risk factors. The average baseline systolic/diastolic BP was 146/84 mm Hg for those taking (90.2% of the study group) and 155/89 mm Hg for those not taking antihypertensives. Approximately one third of the participants were taking aspirin, 13% to 16% of them were taking medication to lower lipid levels, and 14% to 21% of the women were taking estrogen supplements. The average body mass index (calculated as weight in kilograms divided by the square of height in meters) was higher in the participants with DM (31.1) or IFG (30.5) compared with those with NG (28.7).
The mean duration of follow-up was 4.9 years. Annual visits were expected for approximately 94%, 82%, and 48% of the participants at years 3, 4, and 5, respectively, with the lower percentage at year 5 resulting from completion of the trial before that visit. The level of study drug use was high throughout follow-up, with a similar pattern for participants in each glycemic stratum ( Table 2 ). Compliance was somewhat better for those assigned to chlorthalidone and amlodipine compared with lisinopril. Over time, an increasing percentage in each treatment group took an agent from 1 of the other 2 classes used for first-step therapy. This was most common in DM participants, especially for addition of a diuretic to assigned amlodipine or lisinopril therapy. Even in the DM group, however, this change was noted in less than 30% at their year-5 visit. Step 2 or step 3 agents were being used by approximately one quarter to slightly more than one third at their year-1 visit. The average number of antihypertensive medications increased from 1.4 at the year-1 visit to 2 at the year-5 visit, with the average being slightly higher for DM compared with IFG or NG participants. The DM and NG participants assigned to chlorthalidone were treated with significantly fewer antihypertensive medications compared with their counterparts assigned to amlodipine or lisinopril. Within each glycemic stratum, an increasing percentage of participants were treated with medication to lower lipid levels over time, but there was no significant difference in this percentage among the 3 treatment groups. In the DM group, systolic BP was significantly lower throughout follow-up in those assigned to chlorthalidone compared with amlodipine (1-to 2-mm Hg difference) or lisinopril (2-to 3-mm Hg difference) ( Table 3 ). Diastolic BP was significantly lower in the DM participants assigned to amlodipine compared with chlorthalidone (approximately 1-mm Hg difference). There was a similar but less consistent pattern for differences in systolic and diastolic BP between the treatment groups in the NG stratum. There was no consistently significant difference in systolic or diastolic BP across the 3 treatment groups for the IFG participants. Differences in systolic BP between chlorthalidone and lisinopril treatment were somewhat greater in black compared with nonblack participants in all 3 glycemic strata. The same was true for the comparison of chlorthalidone with amlodipine in the IFG and NG participants. In the approximately 5000 black participants with DM, systolic BP was about 4 to 5 mm Hg lower during chlorthalidone compared with lisinopril therapy and 1 mm Hg lower during chlorthalidone compared with amlodipine treatment (data not shown).
PRIMARY OUTCOME
There was no significant difference in incidence of the primary outcome (fatal CHD and nonfatal MI) for those assigned to chlorthalidone compared with lisinopril in any of the 3 glycemic strata or for those assigned to chlorthalidone compared with amlodipine within the DM or NG strata (Figure 2 ). Within the IFG stratum, the primary outcome was significantly more common (P=.02) in those assigned to amlodipine compared with chlorthalidone (RR, 1.73 [95% CI, 1.10-2.72]; P =.01 for treatmentϫglycemic stratum interaction), with the difference emerging after approximately 2 years of follow-up (Figure 3 ).
SECONDARY OUTCOMES
Within the 3 glycemic strata, there was no significant difference in the incidence of total mortality, end-stage renal disease (Figure 2 ), or cancer (data not shown) for those assigned to chlorthalidone compared with amlodipine or lisinopril. The incidence of combined CHD was marginally higher (P=.05) in the IFG participants assigned to amlodipine compared with chlorthalidone (RR, 1.37 [95% CI, 1.00-1.87]; P =.03 for treatmentϫglycemic stratum interaction), but there was no significant difference for the corresponding treatment comparisons in the DM or NG participants. There was no significant difference in the incidence of combined CHD for those assigned to chlorthalidone vs lisinopril within any of the 3 glycemic strata. The incidence of stroke (RR,1.31 [95% CI, 1.10- for treatmentϫglycemic stratum interaction for stroke and combined CVD, respectively). Within each of the 3 glycemic strata, Kaplan-Meier plots identified a consistent pattern of higher cumulative stroke rates in black participants assigned to lisinopril compared with chlortha-lidone, but there was little evidence of a corresponding difference for the nonblack participants (data not shown).
COMPONENTS OF SECONDARY OUTCOMES
There was a significantly higher incidence (P=.001) of heart failure for those assigned to amlodipine compared with chlorthalidone in the DM (RR, and NG (RR, 1.30 [95% CI, 1.12-1.51]) groups (Figure 2 ). There was a significantly higher (P=.03) incidence of heart failure for the NG participants assigned to lisinopril vs chlorthalidone (RR, 1.19 [95% CI, 1.02-1.39]).
There was a significant difference (P = .03) in coronary revascularization for IFG participants assigned to amlodipine vs chlorthalidone (RR, 1.60 [95% CI, 1.04-2.46]; P=.53 for treatment ϫ glycemic stratum interaction). In the NG participants, there was a significantly higher (P=.02) incidence of hospitalized or treated angina for those assigned to lisinopril vs chlorthalidone (RR, 1.14 [95% CI, 1.02-1.28]; P=.93 for treatmentϫglycemic stratum interaction). The incidence of hospitalized or treated peripheral arterial disease was significantly lower (P=.04) in the DM participants assigned to amlodipine vs chlorthalidone (RR, 0.80 [95% CI, 0.65-0.99]; P=.22 for treatmentϫglycemic stratum interaction).
There was a significant difference in the primary outcome for the comparison of lisinopril with chlorthalidone therapy across the 3 glycemic strata in black compared with nonblackparticipants(P=.04forinteraction).Specifically,among participants with IFG, the RR was 1.13 for black and 0.68 for nonblack participants. There was also a significant difference in total mortality for the comparison of amlodipine with chlorthalidone across the 3 glycemic strata in black compared with nonblack participants (P=.05 for interaction). Specifically, among participants with IFG, the RR was 1.25 for black and 0.92 for nonblack participants.
COMMENT ALLHAT provides the largest and most diverse experience for comparing first-step antihypertensive drug therapy in adults with DM and IFG. The present analysis was based on 13 101 adults with DM, of whom 7429 were 65 years or older, 5077 were black, and 4693 had a history of CVD. In addition, 1399 participants had IFG. The ALLHAT comparisons benefit from a high level of adherence to the assigned treatment, for up to 8 years of follow-up, and a substantial number of outcome events.
Overall, the pattern for efficacy of chlorthalidone compared with amlodipine and lisinopril was similar in each of the 3 glycemic strata. The few statistically significant differences must be interpreted with caution, given the large number of treatment comparisons that were examined. Only 2 glycemic stratumϫtreatment interactions were statistically significant at the PϽ.05 level (CHD and combined CHD for the IFG participants assigned to amlodipine vs chlorthalidone), and only 1 was significant at the PϽ.01 level (the CHD outcome). One could conservatively interpret the findings in our analysis as failing to demonstrate superiority in protecting against CHD death and nonfatal MI during first-step treatment with an ACEI or a CCB compared with thiazide-type diuretics in those with DM, IFG, or NG. A significantly lower incidence of stroke was observed in those assigned to chlorthalidone compared with those assigned to lisinopril in the NG group. Again, the most conservative interpretation of the data would be that there is no evidence of superiority for treatment with lisinopril or amlodipine compared with chlorthalidone in any of the 3 glycemic strata. There was more consistent evidence that heart failure was less common in those assigned to chlorthalidone compared with amlodipine or lisinopril, although the comparison for lisinopril vs chlorthalidone within the IFG stratum was not statistically significant.
The ing Party on High Blood Pressure in the Elderly trial). Within this limitation, diuretics and CCB have appeared to be equally effective in diabetic and nondiabetic participants in these trials. [20] [21] [22] [23] [24] [25] Almost 4000 patients with DM have been studied in ACEI vs placebo trials, where BP lowering was not the primary intervention (3577 in the Heart Outcomes Prevention Evaluation Study; 280 in the Quinapril Ischemic Event Trial; and 50 in the Simvastatin/Enalapril Coronary Atherosclerosis Trial). [26] [27] [28] In the Heart Outcomes Prevention Evaluation Study, equally beneficial results were noted in the 3577 participants with and the 5720 without DM. 26 There have been few differences in clinical outcomes in randomized trials in which patients with DM have been treated with different classes of antihypertensive drug therapy. In the UK Prospective Diabetes Study, cardiovascular and microvascular outcomes were similar in 358 participants assigned to the ␤-blocker atenolol and their 400 counterparts assigned to the ACEI captopril. 29 Likewise, in the Swedish Trial in Old Patients With Hypertension 2 study, there were no significant differences in CVD mortality, fatal MI, stroke, or sudden death among those allocated to traditional antihypertensive treatment (diuretics and ␤-blockers; n=253), a CCB (n=231), or an ACEI (n=235). 30 In the Nordic Diltiazem Study, no significant differences in CVD outcomes were noted between participants assigned to a CCB (n = 351) or to "conventional" therapy (diuretics or ␤-blockers; n=376). 31 In the Appropriate Blood Pressure Control in Diabetes trial, nonfatal MI was more common in 235 participants assigned to the CCB nisoldipine compared with 235 assigned to the ACEI enalapril maleate, but total mortality and incidence of heart failure were similar in both groups. 32, 33 In the Captopril Prevention Project, 34 the primary end point, a composite of fatal and nonfatal MI and stroke and other CVD deaths, was less common in the 309 diabetic participants assigned to the ACEI captopril compared with the 263 diabetic participants assigned to a diuretic or a ␤-blocker (RR, 0.59 [95% CI, 0.38-0.91]), but there was no corresponding difference in the trial as a whole (n=10 985). In the Controlled Onset Verapamil Investigation of Cardiovascular End Points, there was no difference in CVD outcomes for 1616 diabetic participants treated with a controlled-onset extended-release form of the CCB verapamil hydrochloride compared with 1623 diabetic participants treated with atenolol or hydrochlorothiazide. 35 Likewise, there was no difference in the primary outcome of death or nonfatal MI or stroke in the 3169 International Verapamil-Trandolapril Study diabetic participants assigned to a sustained-release form of the CCB verapamil compared with 3231 diabetic participants assigned to a non-CCB strategy. 36 Our ALLHAT experience for participants with hypertension and DM is larger than that in any of the previously mentioned trials. In addition, ALLHAT is the only study of its size, to our knowledge, to have compared a thiazide-type diuretic with representative agents from 3 other classes of antihypertensive medication and to have explored the relative efficacy of different classes of antihypertensive therapy in patients with IFG.
Challenges in interpreting the ALLHAT findings include the complexity of understanding treatment effects in the context of therapy with second-and third-step antihy-pertensive drugs, the difficulty of generalizing experience with a chosen drug to its entire class, and the challenge of extrapolating trial experience to more prolonged periods of treatment. In an effort to minimize cost and to minimize participant as well as investigator burden, urinary microalbuminuria, glycosylated hemoglobin levels, and other physiological observations of interest were not collected in ALLHAT. In ALLHAT, those treated with chlorthalidone had the highest and those treated with lisinopril had the lowest levels of fasting glucose during follow-up. 14 The biological importance of these differences are unknown, but the average differences in fasting glucose levels were small (Ͻ5 mg/dL [Ͻ0.3 mmol/L]), tended to diminish over time, and did not result in an increased risk for CVD during an average follow-up of almost 5 years. More detailed ALLHAT analyses of the impact of glucose disorders on clinical outcomes, treatment-related changes in renal function, and experience in subgroups defined by age, race, and sex will be presented in separate papers. Recognizing the constraints in the interpretation of clinical trials, the ALLHAT findings suggest that thiazide-type diuretics should be strongly considered as first-step agents for therapy in patients with hypertension and DM or IFG. These agents are not only efficacious but have been evaluated in many trials and are the least expensive medications to prescribe.
